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(54) [ Title of the Invention ] Apoptosis-Inducing Peptide and Apoptosis 
Inducing Agent 



(57) [ Summary ] 

[ Object ] To provide an apoptosis-inducing peptide containing a specific amino acid 
sequence in SEQ ID NO: 1 acting selectively on tumor cells, not exhibiting side effects and 
that is thermally stable, a peptide derivative thereof, or an apoptosis-inducing agent 
containing these as an active ingredient. 

[ Means ] An apoptosis derivative agent containing an apoptosis-inducing peptide 
comprising 5 to 20 amino acids containing an amino acid sequence in SEQ ID NO: 1 or a 
derivative of the peptide; and an apoptosis-inducing agent containing as an active ingredient 
a peptide comprising 5 to 20 amino acids containing an amino acid sequence in SEQ ID 
NO: 1, a derivative of the peptide, a pharmacologically permissible salt of the peptide or its 
derivative, or a mixture thereof. 
[ Claims ] 

[ Claim 1 ] An apoptosis-inducing peptide comprising 5 to 20 amino acids containing an 
amino acid sequence in SEQ ID NO: 1, or a derivative of the peptide. 
[ Claim 2 ] An apoptosis-inducing agent containing as an active ingredient an apoptosis- 
inducing peptide comprising 5 to 20 amino acids containing an amino acid sequence in 
SEQ ED NO: 1, a derivative of the peptide, a pharmacologically permissible salt of the 
peptide or the derivative, or a mixture thereof. 
[ Detailed Description of the Invention ] 
[0001 ] 

[ Technological Field of the Invention ] The present invention relates to an apoptosis- 
inducing peptide containing a specific amino acid sequence, a derivative of the peptide, and 
an apoptosis-inducing agent containing these as an active ingredient. In greater detail, the 
invention relates to an apoptosis-inducing agent useful as a pharmaceutical product, 
particularly in the treatment of AIDS, rheumatism, and the like; an anticancer drug; a cancer 
metastasis inhibitor; or the like. 
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[ 0002 ] 

[ Prior Art ] Apoptosis is one type of programmed cell death; phenomena observed include 
detachment from surrounding cells; condensation of cytoplasm; condensation and nuclear 
condensation of the chromatin related to endonuclease activity; nuclear fragmentation; 
shrinkage forming membrane-bound round bodies; phagocytosis of the small round bodies 
due to neighboring macrophages, epithelial cells, and the like; fragmentation of DNA 
nucleosome units into DNA of 180 to 200 bases in length due to endonuclease activity; it 
has been argued that apoptosis is the mechanism by which the final fragments of the apoptic 
cells in which such phenomena have been confirmed are phagocytized by neighboring cells 
[Immunology Today 1 (1986): 115 - 119; Science 245 (1989): 301 - 305]. 
[ 0003 ] Cell death occurred in the majority of tumor cells due to necrosis in conventional 
cancer treatments (for example, chemotherapy, radiation therapy, and the like). Unlike 
apoptosis, necrosis accompanied symptoms such as high fever, nausea, vomiting and the 
like because an inflammatory reaction is induced in the surrounding tissue. It is predicted 
that the aforementioned symptoms will be extremely slight with apoptosis because it is not 
accompanied by inflammatory reactions in the surrounding tissue. Thus, it is believed that 
causing tumor cells to die through apoptosis will be useful in developing effective cancer 
therapies for clinical application. 

[ 0004 ] Apoptosis has been confirmed in the physiological cell death of normal cells (for 
example, liver, adrenal cortex, prostate, and the like) whose embryonic growth process or 
metabolic turnover had been vigorous [International Review of Cytology 68 (1980): 251 — 
306]. It has also been reported that induction of apoptosis may be caused by glucocorticoid, 
radiation irradiation, NK cells, killer cells, tumor necrosis factor (TNF), and cytokines such 
as lymphotoxin, and the like [Nature 284 (1986): 555 - 556, International Journal of 
Radiational Biology 53 (1988): 65, Proceeding of the National Academy of Sciences, USA 
83 (1986): 1881 - 1885, Journal of Immunology 129 (1982): 1782 - 1787, Journal of 
Immunology 140 (1988): 689 - 692, European Journal of Immunology 17 (1987): 689 - 
983]. 
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[ 0005 ] It has also been reported that cycloheximide, a protein synthesis inhibitor, and 
actinomycin D, an RNA synthesis inhibitor, induce apoptosis in human leukemia cells HL- 
60 [Journal of Immunology 145 (1990): 1859- 1867]. 

[ 0006 ] Further, it has been reported recently that when anti-Fas monoclonal antibodies are 
prepared, which are cell membrane molecules participating in immune cell apoptosis, the 
anti-Fas antibodies exhibit fatal activity on human cells [Journal of Experimental Medicine 
169 (1989): 1747]; various research into the application to anti-Fas antibody medicine is 
underway; for example, therapeutic agents, etc., for ADDS, tumors and rheumatism have 
been reported (Unexamined Patent Application Publication Number 2-237935 [i.e., 1990- 
237935, PCT (WO) 5-503281 [i.e., 1993-503281], and Unexamined Patent Application 
Publication Number 8-208515 [i.e., 1996-28515]]. 
[ 0007 ] 

[ Problems to be Solved by the Invention ] As mentioned above, proteins and the like 
exhibiting apoptosis-inducing activity have been known conventionally, but these proteins 
are macro molecules, so they had problems such as that antigenicity, heat stability and 
chemical synthesis are difficult. The discovery of an apoptosis-inducing agent not 
exhibiting side effects such as antigenicity and that is thermally stable has thus been 
desired. In particular, an apoptosis-inducing agent that acts selectively on tumor cells 
without inducing harmful inflammatory reactions in surrounding tissue has been strongly 
desired. The discovery of a low molecular apoptosis-inducing peptide which can be 
supplied inexpensively and in mass quantity through chemical production and that is highly 
practical has also been desired. 

[ 0008 ] The circumstances of the prior art as above have been taken into consideration 
when devising the invention, and it is an object thereof to provide an apoptosis-inducing 
peptide, a derivative of the peptide, and an apoptosis-inducing agent containing these as an 
active ingredient which do not exhibit side effects and are thermally stable, and which 
selectively kill tumor cells. Another object of the invention is to provide an apoptosis- 
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inducing peptide and a derivative thereof which can be supplied inexpensively and in mass 
quantity through chemical synthesis, and which has high practicality. 
[ 0009 ] 

[ Means to Solve the Problems ] The invention was devised to solve the aforementioned 
problems, and provides an apoptosis-inducing peptide comprising 5 to 20 amino acids 
containing an amino acid sequence in SEQ ID NO: 1, and a derivative of the peptide. The 
invention also provides an apoptosis-inducing agent containing as an active ingredient an 
apoptosis-inducing peptide comprising 5 to 20 amino acids containing an amino acid 
sequence in SEQ ID NO: 1, a derivative of the peptide, a pharmacologically permissible salt 
of the peptide or derivative, or a combination thereof. 

[ 0010 ] Embodiments of the invention will be described below in detail. When not * 
otherwise particularly specified for the invention below, indications of percent (%) are 
values by weight. 
[0011 ] 

[ Embodiments of the Invention ] The apoptosis-inducing peptide of the invention is 
characterized by the fact of comprising 5 to 20 amino acids, and of having an amino acid 
sequence of SEQ ID NO: 1 at any position in its sequence. Such an apoptosis-inducing 
peptide and its derivative can be chemically synthesized using a solid phase method, liquid 
phase method, or the like. 

[ 0012 ] For the solid phase method, a solid phase resin for peptide synthesis is used to 
synthesize a peptide by successively condensing amino acid blocks and lengthening the 
peptide chain. An amino acid derivative whose N terminal or side chain reactive group is 
protected by a 9-fluorenylmethyloxycarbonyl (abbreviated hereinafter as Fmoc) or other 
protecting block is used as an amino acid block to synthesize the object peptide chain by 
repeating condensation reactions from the C terminal and deprotection reactions on the N 
terminal side. Next, the peptide whose N terminal or side chain reactive group is protected 
is removed from the resin by cutting, and a deprotection reaction is carried out to yield the 
object peptide. 
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[ 0013 ] The derivative of the apoptosis-inducing peptide is a partial recombinant of the 
apoptosis-inducing peptide or an added compound or other derivative of the peptide, and 
the derivative of the peptide whose C terminal has been amidated or acylated can be 
exemplified. In particular, when synthesizing a derivative of a peptide whose C terminal is 
amidated, the peptide whose N terminal or side chain reactive group is protected is removed 
from the resin by cutting as mentioned above, after which amidation of the peptide's C 
terminal is carried out and another deprotection reaction is carried out to yield the object 
peptide derivative. 

[ 0014 ] When synthesizing a peptide derivative whose C terminal is amidated, a solid 
phase resin for C terminal amide peptide synthesis [for example, Fmoc amide resin 
manufactured by Perkin Elmer] may be used instead of an ordinary solid phase resin. In this 
case, it is convenient to carry out deresination and deprotection at the same time by 
selecting the protective group. 

[ 0015 ] The aforementioned operation can be carried out using a mechanized or automated 
peptide automatic synthesizer (for example, the Perkin Elmer 433 A, etc.) For the liquid 
phase method, an amino acid derivative protected by a protecting group at the N terminal, C 
terminal or side chain reactive group is used as an amino acid block to synthesize the object 
peptide chain by repeating deprotection reactions of the N terminal or C terminal. Further, 
instead of the consecutive chain length lengthening method for successively lengthening the 
peptide chain from the C terminal end or N terminal end, in the liquid phase method, the 
object peptide chain can be broken into suitable fragments, and after synthesizing a 
fragment chain for each, a fragment method can be applied to condense the fragment chains 
and synthesize the object peptide chain. 

[ 0016 ] The apoptosis-inducing agent of the invention will be described next. As 
mentioned above, the apoptosis-inducing agent of the invention contains as an active 
ingredient a chemically synthesized apoptosis-inducing peptide, a derivative of the peptide, 
a pharmacologically permissible salt of the peptide or its derivative (there are collectively 
noted as the "peptides'* hereinafter), or a compound thereof. 
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[ 0017 ] The pharmacologically permissible salts of the apoptosis-inducing derivative 
which can be used as an active ingredient in the apoptosis-inducing agent and the 
pharmacologically permissive salts of the peptide derivative are non-toxic, and in concrete 
terms, may be an acid additive salt, metal complex, carboxylate or the like. The 
aforementioned acid additive salt may be exemplified with hydrochloride, hydrobromide, 
hydrosulfate, phosphate, tannate, oxalate, fumarate, gluconate, alginate, maleate, acetate, 
trifluoroacetate, citrate, benzoate, succinate, malate, ascorbate, tartrate or the like. Also, the 
aforementioned metal complex may be exemplified with, for example, complexes of zinc, 
iron, calcium, magnesium, aluminum, and the like. Further, the aforementioned carboxylate 
may be exemplified with, for example, an alkaline metal and its sodium, potassium or other 
such salt, an alkaline earth metal and its potassium , magnesium or other such salt, and 
ammonium salt or the like. 

[ 0018 ] The apoptosis-inducing agent of the invention needs to contain one type of 
compound or two or more mixtures as an active ingredient arbitrarily selected from the 
peptides, but in addition to this active ingredient, it may contain a publicly known 
apoptosis-inducing substance as well. The apoptosis-inducing agent of the invention can be 
administered to humans or animals through general medical preparation forms, for 
example, it can be administered to humans or animals as an intravenous injection, 

i 

subcutaneous injection or orally. 

[ 0019 ] The peptides, which are active ingredients for the apoptosis-inducing agent of the 
invention, have extremely low toxicity, and may be used for humans or animals safely as 
the LD50 is 100 mg/kg of body weight or higher. The apoptosis-inducing agent of the 
invention may contain one of the peptides or a mixture of two or more types thereof as an 
active ingredient in a concentration of 5 mg/g or higher, and may be prepared along with 
other ingredients. The other ingredients may be exemplified with fillers, extenders, binders, 
humectants agents, disintegrants, surfactants, diluents for lubricants, diluents and the like 
ordinarily used in medical manufacturing fields. The drug form may be selected according 
to the purpose of treatment, typical exemplifications including tablets, pills, powders, 
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liquids, suspension agents, emulsions, granulated powders, capsules, suppositories, 
injectables (liquid, suspension agent, etc.), and the like. 

[ 0020 ] For example, when forming a tablet, a diluent such as lactose, sucrose, sodium 
chloride, glucose, urea, starch, calcium carbonate, kaolin, crystalline cellulose, or silicic 
acid; a binder such as water, ethanol, propanol, simple syrup, glucose solution, starch 
solution, gelatin solution, carboxymethylcellulose, methylcellulose, calcium phosphate, or 
polyvinyl pyrrolidone; a disintegrator such as dried starch, agar powder, laminaran powder, 
sodium bicarbonate, calcium carbonate, polyoxyethylene sorbitan fatty acid ester, sodium 
lauryl sulfate, monoglyceride stearate, starch, or lactose; a disintegration inhibitor such as 
sucrose, stearin, cacao butter, or hydrogen ated oil; an absorption promoter such as 
quaternary ammonium base or sodium lauryl sulfate; a humectant such as glycerol or starch; 
an adsorbent such as starch, lactose, kaolin, bentonite, or colloidal silicic acid; and a 
lubricant such as purified talc, stearate, boric acid powder, or polyethylene glycol may be 
arbitrarily used. Also, the tablet may take the form of a coated tablet covered with any 
conventional coating or film as required, for example, a sugar-coated tablet, gelatin-coated 
tablet, enteric coated tablet or a film-coated tablet, or a double-layered or multi-layered 
tablet. 

[ 0021 ] When preparing an injectable, it is desirable that a liquid, emulsion or suspension 
liquid be sterilized and be isotonic with blood; for a diluent, water, ethyl alcohol, propylene 
glycol, isostearyl alcohol ethoxylate, isostearyl alcohol polyoxalate, polyoxyethylene 
sorbitan fatty acid ester, and the like, for example, may be used. In this case, it is possible to 
include an adequate quantity of table salt, glucose, glycerine and the like to prepare an 
isotonic solution; it is also possible to blend in a solubilizing agent, buffer agent, analgesic 
agent or the like. 

[ 0022 ] Medical preparations in these forms may be further blended with a commonly 
used coloring agent, preservative, fragrant, flavoring agent, sweetening agent or the like 
according to need, and may also include other active pharmaceutical ingredients. The 
apoptosis-inducing peptide, a derivative of the peptide and the apoptosis-inducing agent of 
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the invention may further be used along with other apoptosis-inducing substances according 
to need, for example, publicly known cancer drugs as cancer chemotherapy, and may also 
be used along with radiation therapy. Thus, superior anticancer effects may be 
accomplished with the apoptosis-inducing peptide, a derivative of the peptide, and the 
apoptosis-inducing agent of the invention, so the effects of other cancer drugs used in 
conjunction may be extended one level further, and it is possible to bring about synergistic 
effects. Even when the amount of cancer drugs used in conjunction is less than the amount 
normally used, adequate cancer treatment effects can be obtained, so the side effects of the 
cancer drugs used in conjunction may thus be reduced. 

[ 0023 ] Next, a sample test will be exhibited to describe working effects of the invention 
in detail. 
Sample Test 1 

This test was carried out to study whether the apoptosis-inducing peptide of the invention 
induces apoptosis. 

(1) Preparation of the sample 

An apoptosis-inducing peptide having an amino acid sequence in SEQ ID NO: 1 chemically 
synthesized using a method identical to that in Embodiment 1 was dissolved in Dulbecco's 
phosphate buffered saline [Journal of Experimental Medicine 99 (1954): 167 - 182] at 
respective concentrations of 0.3 \im/m\ and 3 ^im/ml for use as a sample solution. 
[ 0024 ] Dulbecco's phosphate buffered saline with non-additive (0 |Wg/ml) apoptosis- 
inducing peptide was used as a control solution. 

(2) Test method 

The test was carried out according to the MTT method [Journal of Immunological Methods 
65 (1983): 55]. 

[ 0025 ] After preparing human erythroblastic leukemia cells (K562) at a concentration of 1 
x 10 6 cells/ml in a GIT culture medium (manufactured by Dainippon Pharmaceutical), 10 \i\ 
of the cell solution, 50 |xl of D-MEM and Ham's F12 mixed culture medium [10.2 g of D- 
MEM basal culture (manufactured by Gibco [sic]), 10.86 g of Ham's F12 basal culture 
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(manufactured by Gibco [sic]), 4.8 g of sodium hydrogen carbonate (manufactured by 
Wako Pure Chemical [Industries], Inc.), 7.33 g of HEPES (2-[4-(2-Hydroxyethyl)-l- 
piperazinyl] ethanesulfonic acid, manufactured by Dojindo), 1.02 ml of streptomycin 
sulfate (200 mg/ml, manufactured by Meiji Seika Kaisha), and 1.02 ml of potassium G 
penicillin (200 thousand units/ml, manufactured by Meiji Seika Kaisha) dissolved in 
purified water to make a total amount of 1 liter], and 50 yd of the sample solution or control 
solution were added to each well in a 96-well culture medium plate (manufactured by 
Nunc), and this was cultured for 48 hours at the warm temperature of 37° C in the presence 
of 5% carbon dioxide gas. When the culturing was complete, 10 |nl of a solution of M IT (3- 
[4, 5-Dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide, manufactured by Sigma) 
dissolved in Dulbecco's phosphate buffered saline at a concentration of 5 mg/ml was added 
to each well, and after culturing for 4 more hours, 100 |Lil of 0.04 N hydrochloric acid-2- 
propanol solution was added, this was adequately mixed, and the absorption of light (595 
nm) in each well was measured with a microplate reader (manufactured by Bio-Rad). 
[ 0026 ] The human erythroblastic leukemia cells (K562) used in the above-mentioned test 
are from a human leukemia cell strain, the nature of whose cells is noted in the literature 
[Blood 45 (1979): 321 - 322], and being available in lots, they were consigned through a 
cell consignment agency [American Type Culture Collection (ATCC) with the consignment 
number ATCC No. CCL-243. 
(3) Test results 

The results of the test are as shown in Table 1. As is clear from Table 1, the MTT reduction 
capacity of the cells (amount of MTT-formazan) was significantly decreased in the additive 
group compared to the apoptosis-inducing peptide non-additive group, confirming 
apoptosis-inducing activity. 

[ 0027 ] Table 1 also shows that the apoptosis-inducing peptide of the invention has 
propagation inhibiting effects on leukemia cells at the extremely low concentration of 0.3 
Hg/ml. 
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[ 0028 ] 
[ Table 1 ] 



Peptide concentration 


Amount of MTT-formazan 




(Absorption of light: 595 nm) 


0 


0.987 


0.3 


0.928 


3 


0.888 



Sample Test 2 

This test was carried out in order to study the apoptosis-inducement rate of the apoptosis- 
inducing peptide of the invention. 

(1) Preparation of the sample 

A sample solution and a control solution were prepared using the same method as in 
Sample Test 1. 

(2) Test method 

This test was carried out as follows using an ApopTag In Situ Apoptosis Detection kit 
(manufactured by Oncor; abbreviated hereinafter as the kit). 

[ 0029 ] Human erythroblastic leukemia cells (K562) were adjusted to a concentration of 1 
x 10 6 cells/ml in a GIT culture (manufactured by Dainippon Pharmaceutical), 10 \il of the 
cell solution, 50 of the D-MEM and Ham's F12 mixed culture noted in Sample Test 1, 
and 50 ^1 of sample solution or control sample were added to each well in a 96-well culture 
plate (manufactured by Nunc), and this was cultured for 48 hours at the warm temperature 
of 37° C in the presence of 5% carbon dioxide gas. 

[ 0030 ] When the culturing was complete, cells from the cultured liquid in the wells were 
collected on a glass slide (manufactured by Matsunami Glass Ind.; white frosted edge No. 
2, 76 x 76 mm) whose surface was treated with bovine fetal blood (manufactured by Gibco 
[sic]) using a Cytospin 2 System (manufactured by Shandon), this was immediately dried 
and the cells fixed on the glass slide. The cells (hereinafter, noted as the specimen) on the 
glass slide were washed for 5 minutes with 50 mM of sodium phosphate buffer liquid (pH 
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7.4: the sodium phosphate was manufactured by Wako Pure Chemical [Industries], Inc., 
hereinafter abbreviated as PBS) containing 0.2 M of sodium chloride (manufactured by 
Wako Pure Chemical [Industries], Inc.), and then the cells were washed twice more 
changing the PBS each time. 

[ 0031 ] Next, the specimen was treated for 5 minutes in PBS solution containing 2% 
hydrogen peroxide (manufactured by Wako Pure Chemical [Industries], Inc.) in room 
temperature conditions, deactivating the endogenous peroxidase. Next, the specimen was 
washed for 5 minutes using PBS, the PBS was changed, and the specimen was washed for 5 
minutes further; excess water around the specimen was taken up carefully with a paper 
towel, 108 fxl of the equilibrated buffer liquid accompanying the kit was immediately 
dripped directly on top of the specimen, and this was allowed to sit for 10 minutes under 
room temperature conditions. Excess equilibrated buffer liquid was then discarded, water 
around the specimen was taken up with a paper towel, 54 jxl of terminal deoxynucleotidyl 
transferase (abbreviated hereinafter as TdT) enzyme solution accompanying the kit was 
dripped on the specimen using a pipette, the specimen was held for 1 hour at 37° C and then 
treated with an enzyme reaction. 

[ 0032 ] After the enzyme reaction treatment, the specimen was immersed in a stop and 
washing buffer solution accompanying the kit, and held for 30 minutes at 37° C. Next, the 
specimen was washed for 5 minutes in PBS, and then washed further 3 times for 5 minutes 
each changing the PBS each time, two drops of the anti-digoxigenin peroxidase solution 
accompanying the kit were dripped on the specimen, and this was held for 30 minutes at 
room temperature. The specimen was then washed for 5 minutes using PBS, and then 
washed further at room temperature 3 times each for 5 minutes changing the PBS each 
time. 

[ 0033 ] A solution made by adding hydrogen peroxide at a concentration of 0.02% to a 
DAB substrate solution containing 0.05% diaminobenzidine (manufactured by Nacalai 
Tesque, Inc; abbreviated hereinafter as DAB) in PBS was dripped on the specimen 
immediately after washing in a quantity adequate to completely cover it, and this was 
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stained at room temperature for 6 minutes. The specimen was then washed for 1 minute 
using distilled water, and then washed further 3 times for 1 minute each changing the 
distilled water each time. Next, the specimen was counterstained for 10 minutes in room 
temperature conditions with a 0.5% methyl green [and?] 0.1 M sodium acetate solution (pH 
4.0: both the methyl green and sodium acetate solution manufactured by Wako Pure 
Chemical [Industries], Inc.). 

[ 0034 ] After staining, the specimen was washed with distilled water and then washed 
again using 100% butanol (manufactured by Wako Pure Chemical [Industries], Inc.), the 
specimen was dehydrated using xylene (manufactured by Wako Pure Chemical [Industries], 
Inc.), fixed in Enterannyuu [spelling unknown] (manufactured by Merck, Inc.; registered 
trademark), and covered with a cover glass to make a preparation. The aforementioned 

* 

specimen preparation was observed using an optical microscope, the number of cells X 
stained green with methyl green for which apoptosis had not occurred and the number of 
cells Y (nucleated cells) stained blackish brown with DAB for which apoptosis had 
occurred were counted, and the apoptosis inducement rate was calculated with the 
following formula. 

[ 0035 ] Apoptosis inducement rate (%) = Y/(X+Y) x 100 
(3) Test results 

The results of this test are shown in Table 2. As is made clear form Table 2, the apoptosis 
inducement rate in the added group is significantly elevated over the apoptosis-inducing 
peptide non-additive group, confirming the promotion effects of apoptosis inducement. 
[ 0036 ] Table 2 shows that the apoptosis-inducing peptide of the invention has apoptosis- 
inducing effects on leukemia cells at the extremely low concentration of 0.3 (ig/ml. 



[ 0037 ] 



[ Table 2 ] 



Peptide concentration 



Amount of MTT-formazan 
(Absorption of light: 595 nm) 



0 



3.8 



0.3 



6.5 



3 



8.1 
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The invention will next be described in detail and in a concrete manner, exhibiting 
embodiments, but the invention is not limited to the below embodiments. 



[ 0038 ] 

[ Embodiments ] 
Embodiment 1 

An automatic peptide synthesizer (Model 433A manufactured by Perkin Elmer) was used to 
synthesize a peptide based on the solid phase method of Shepard [spelling unknown], et al 
[Journal of Chemical Society Perkin 1 538 (1981): 538] and the user's manual for the 
synthesizer. 

[ 0039 ] 500 mg (0.25 mmol) of HMP resin (manufactured by Perkin Elmer) were used as 
solid phase resin for peptide synthesis to lengthen the peptide chains by repeating 
deprotection group reactions and condensation reactions using a synthesis program of the 
aforementioned automatic peptide synthesizer. In greater detail, N-methyl pyrrolidone 
(manufactured by Perkin Elmer; N-methyl pyrrolidone is abbreviated as NMP below) 
containing 20% piperidine was used to remove the amino protecting group Fmoc from the 
aforementioned solid phase resin by cutting, this was washed with NMP, the Fmoc-amino 
acid [or in concrete detail, Fmoc-L-Arg (Pmc)-OH (manufactured by Perkin Elmer)] was 
condensed using a FastMoc [a registered trademark] Regent Kit (manufactured by Perkin 
Elmer), and this was washed with NMP. Below, the aforementioned operation from the 
cutting of the Fmoc group and condensation of each Fmoc-amino acid through the washing 
was repeated. 

[ 0040 ] Fmoc-L-Pro-OH, Fmoc-L-Leu-OH, Fmoc-L-Val-OH and Fmoc-L-Ala-OH (all 
manufactured by Perkin Elmer) were successively used as Fmoc-amino acids. After the 
peptide chain extension reaction was complete, the Fmoc group at the N terminal was cut 
with NMP containing 20% piperidine, and this was washed with NMP and dichloromethane 
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(manufactured by Perkin Elmer), yielding approximately 513 mg of protection peptide resin 
after vacuum drying. 

[ 0041 ] The condensation reaction conditions and deprotection conditions were 
automatically controlled using a feedback monitoring system. 0.5 ml of ethanedithiol 
(manufactured by Watanabe Chemical Industries, Ltd.), 1.5 g of crystal phenol 
(manufactured by Tokyo Kasei Co., Ltd.), 1.0 ml of thioanisole (manufactured by Watanabe 
Chemical Industries, Ltd.), and 1.0 ml of purified water were added to the aforementioned 
510 mg of protective peptide resin, this was agitated for 15 minutes at room temperature, 
and agitated for 10 minutes further after chilling. 20 ml of trifluoroacetic acid 
(manufactured by Watanabe Chemical Industries, Ltd.; abbreviated hereinafter as TFA) 
were added thereto and this was agitated for 1.5 hours; the resin was filtered through a glass 
filter, the filtered liquid was immediately vacuum concentrated, and pre-cooled anhydrous 
diethyl ether (manufactured by Kokusan Chemical Works, Ltd.) was added to the residue, 
and the peptide was white powdered. The white powdered peptide was transferred to a 
centrifuge tube, the cooled diethyl ether was newly added and the result adequately agitated, 
this was centrifuged (10 minutes at 2500 rpm), and the supernatant was discarded. Cooled 
diethyl ether was newly added yet again and the result was adequately agitated, an operation 
for centrifuging was carried out three times, the peptide precipitate was vacuum dried, and 
this was dissolved in water and freeze dried to yield approximately 105 g of crude peptide. 
[ 0042 ] All of the aforementioned crude peptide was dissolved in purified water and 
centrifuged (for 5 minutes at 15,000 rpm), the supernatant was filtered through a 0.45 \im 
filter, and peptide purification of the filtered liquid was carried out using high performance 
liquid chromatography (HPLC). A Gulliver-PU-986 high pressure gradient system 
(manufactured by JASCO Corp.) was used for the HPLC, and 250 x 10 mm reverse phase 
Lichrospher 100RP-18 (e) columns (manufactured by Merck, Ltd.) were used. The eluent 
was eluted using a linear concentration gradient from liquid A to liquid B where liquid A 
was 0.1% TF A/purified water and liquid B was 80% acetonitrile/liquid A. The obtained 
chromatograph had nearly a single peak, and the fraction corresponding to the peak was 
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collected. The collection operation was repeated several times, and the obtained fractions 
were freeze dried to obtain approximately 38.6 mg of purified peptide. 
[ 0043 ] Analysis columns [250 x 4.6 mm Lichrospher 100 RP-18(e) (manufactured by 
Merck)] were used to carry out an HPLC analysis of the obtained purified peptide, and it 
was confirmed that the purified material was singular. The purified peptide amino acid 
sequence, etc., was confirmed with ordinary amino acid analysis, amino acid sequence 
analysis, elemental analysis and mass spectrometry, and it was confirmed that a peptide 
comprising 5 amino acid residues having an amino acid sequence shown in SEQ ID NO: 1 
had been obtained. 

[ 0044 ] The purified peptide obtained in this Embodiment has apoptosis-inducing activity 
as noted in Sample Test 1 and Sample Test 2. 
Embodiment 2 

Approximately 34.6 mg of purified peptide derivative whose C terminal is amidated were 
obtained as a solid phase resin with the automatic peptide synthesizer using a method 
identical to that in Embodiment 1 except for using 397 mg (0.25 mmol) of Fmoc amide 
resin (manufactured by Perkin Elmer), a solid phase resin for peptide synthesis whose C 
terminal is amidated, instead of the 500 mg (0.25 mmol) of HMP resin (manufactured by 
Perkin Elmer). 

[ 0045 ] Analysis columns [250 x 4.6 mm Lichrospher 100 RP- 18(e) (manufactured by 
Merck, Ltd.)] were used to cany out an HPLC analysis of the obtained purified peptide 
derivative, confirming that the purified material was singular. The purified peptide amino 
acid sequence, etc., was also confirmed with ordinary amino acid analysis, amino acid 
sequence analysis, elemental analysis and mass spectrometry, and it was also confirmed that 
a derivate of the peptide whose C terminal is amidated comprising 5 amino acid residues 
having an amino acid sequence shown in SEQ ID NO: 1 had been obtained. 
[ 0046 ] The results of testing the apoptosis-inducement activity with the method noted in 
Sample Test 1 and Sample Test 2 confirmed that the purified peptide derivative obtained in 
this Embodiment has significant apoptosis-inducement activity. 
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Embodiment 3 

An injectable with the following composition was manufactured using an ordinary method. 
All of the ingredients other than the apoptosis-inducing peptide were commercially 
available products. 



[ 0047 ] 

Apoptosis-inducing peptide obtained using a method identical to that in Embodiment 1 

0.5 (weight %) 

Sodium chloride 0.9 
Distilled water for injection 98.6 
Embodiment 4 

The injectable solution with the following composition was manufactured using an ordinary 
method. All of the ingredients other than the apoptosis-inducing peptide were commercially 
available products. 

[ 0048 ] A derivative of an apoptosis-inducing peptide obtained using a method identical to 
that in Embodiment 2 

0.5 (weight %) 

Actinomycin D 0.005 
Sodium chloride 0.9 
Distilled water for injection 98.595 
Embodiment 5 

Tablets with the following composition per tablet were manufactured using an ordinary 
method. All of the ingredients other than the apoptosis-inducing peptide were commercially 
available products. 
[ 0049 ] 

Apoptosis-inducing peptide obtained using a method identical to that in Embodiment 1 

1.0 (mg) 
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Actinomycin D 0.02 

Lactose 162.98 

Crystal cellulose 30.0 

Polyvinyl pyrrolidone 5.0 

Magnesium stearate 1 .0 
Embodiment 6 



Tablets with the following composition per tablet were manufactured using an ordinary 
method. All of the ingredients other than the apoptosis-inducing peptide were commercially 



available products. 




[ 0050 ] 




Apoptosis-inducing peptide k derivative obtained using a method identical to that in 


Embodiment 2 


1.0 (mg) 


Crystal cellulose 


50.0 


Corn starch 


40.0 


Magnesium stearate 


1.0 


Hydroxypropyl methylcellulose 


15.0 


Polyvinyl glycol (molecular weight 6000) 


3.0 


Ricinus oil 


50.0 


Methanol 


40.0 


[0051 ] 





[ Effects of the Invention ] As described above in detail, the invention relates to a novel 
apoptosis-inducing peptide and an apoptosis-inducing agent, and according to the invention, 
the effects accomplished are as mentioned below. 

1) The apoptosis-inducing peptide of the invention has no side effects, and it selectively 
exhibits apoptosis-inducing effects in small quantities for specific leukemia cells. 

2) The apoptosis-inducing peptide of the invention can be provided inexpensively in mass 
quantity through chemical synthesis, it has high practicality and can be readily provided on 
a commercial scale. 
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3) The apoptosis-inducing peptide of the invention does not exhibit apoptosis-inducing 
effects on normal human cells. 

4) The apoptosis-inducing peptide of the invention has the advantage of causing cell death 
through apoptosis of tumor cells without inducing inflammatory reactions in surrounding 
tissue that accompany conventional chemotherapy, radiation therapy and other cancer 
therapies. 

[ 0052 ] 

[ Sequence Listing ] 
SEQ ID NO: 1 
Length: 5 
Type: Amino acid 
Topology: Linear 
Molecule type: Peptide 

« 

Sequence characteristic: A peptide, or a peptide containing the peptide as a fragment. 
Sequence: 

Ala Val Leu Pro Arg 
1 5 

Continued from the front page 

(51) Int. CI. 6 : Classification Symbols: FI 

C 07 K 14/47 A 61 K 37/02 AGZ 



19 



THIS PAGE BLANK (uspto) 



